INTRODUCTION
There have been various references in the literature to the levels of trace metals in natural products (1., z, 3) . There have also been references to the level of cadmium found in tobacco smoke (4). We have, in the past, accepted the published data of other workers in this field (5, 6) but recently we have made our own evaluation of the level of cadmiwn, nickel and lead in tobacco and cigarette smoke. The work described in this paper had two objectives: firstly to determine, using re<:ognized and unambiguous analytical procedures, the cadmium, nickel and lead content of tobacco types obtained from different sources and secondly to measure the amount of these metals found in cigarette smoke and the effect of commercial cigarette filters upon their transfer to the smoke from the tobacco. Traditionally, cadmium and other heavy metals in biological and organic samples have been analysed by somewhat complex extractions and spectrophotometric procedures after wet or dry ashing of samples. A recent paper by Nidcless (7) confirmed our view that the least ambiguous analytical procedure for our purposes would be to use atomic absorption detection.
EXPERIMENTAL
All samples were conditioned, prior to analysis, for at least 48 hours at 70° F and 6o 0 /o relative humidity.
Smoke Sample Preparation
The initial approach was to determine the metal content in whole smoke collected by cold trapping techniques. This approach produced several practical problems associated with the trapping of relatively large amounts of smoke and the subsequent quantitative extraction and transfer of the sample for digestion. Similar problems were experienced with the use of liquid absorption trapping tediniques. Therefore the particulate and vapour phase samples were collected and analysed individually. Particulate phase smoke samples were prepared by collecting the smoke from 5 cigarettes on a Cambridge filter pad which was then extracted with 20 ml of 5N nitric acid by shaking for thirty minutes. This suspension was then filtered through a sintered funnCl and washed with 2 aliquots of 5 ml of 5N nitric acid. The entire filtrate, including washings, from two Cambridge filter pads was transferred to a Kjeldahl flask and heated until the volume was reduced to 2 ml. The remaining solution was transferred to a 25 ml volumetric flask and made up to volume with water washings from the Kjeldahl flask. This solution was subjected to atomic absorption analysis. Initial trials had shown that this extraction and digestion procedure produced results which were similar to those achieved by direct digestion of the Cambridge filter pads in 1.:4 concentrated perchloridnitric add mixture. The procedure used was simple and overcame the problems associated with the use of concentrated acid mixtures. The vapour phase sample was prepared by passing smoke from five cigarettes through a Cambridge 61ter into a liquid absorption trap containing 1.0 ml of sN nitric acid. Solutions from eight sudt traps were pooled and heated until the volume had been reduced to 2 ml. This solution was then made up to 2.5 ml with water and analysed.
'Tobacco Sample Preparation
One cigarette, including paper but excluding filter materials, was digested in 30 ml of concentrated nitric add and 2 ml concentrated perchloric acid and evaporated to 2 ml. The resulting solution was diluted to 25 ml with water and analysed. Solutions prepared in this way produced results which were equivalent to those obtained by digestion in a 1.:4 mixture of concentrated perchloric and nitric adds.
Samples of Smoke Retained by Filters
Two batches of five filters were placed in glass tubes and 30 ml of sN nitric acid passed through eadt batdt. The eluates from both batches of 6lters were pooled and evaporated to 2 ml. The solution was made up to 25 ml and analysed.
Blanks
Blanks for eadt sample type were prepared exactly as described above except for the omission of tobacco or smoke.
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Reagents
All the water used in this work was deionised and all acids were of analytical reagent grade.
Atomic Absorption Analysis
All samples were analysed on a Techtron AA5 Atomic Absorption Instrument which incorporated a long path length air/acetylene burner. The cadmium analysis was calibrated with solutions containing o, 0.1 and 0.2 J.tg/ml and an acid content equivalent to that of the samples being examined. The nickel and lead analyses were calibrated with solutions containing o, 1 and 2 J.tg nickel and lead/ml and an acid content also equivalent to that of the samples being examined. The relationship between absorption . and metal concentrations was linear for all three metals within the calibration ranges and is shown in Fig. 1 .
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RESULTS
Our results obtained using tobaccos from various countries, two different plant positions, different curing processes and some European commercial cigarettes are shown in Tables 1, 2 , 3, 4 respectively. The results of our analyses carried out upon the smoke particulate phase from cigarettes manufactured using a single grade of tobacco are given in Table 5 , whilst the cadmium levels from a number of commercial cigarettes are listed in Table 6 .
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The distribution of the metals between the praticulate and vapour phases of smoke, and the retention of filters for cadmium are given in Tables 7 and 8. All reported values are the mean of duplicate analyses.
DISCUSSION OF RESULTS
The results (Tables [1] [2] [3] [4] show that the levels of cadmium, nickel and lead in the tobaccos examined lie within the range 0.5 to 3.5, 4 to 9·5 and 8 to 23 J.tg metal per gram of conditioned tobacco respectively.
The levels of each metal found in the tobacco types we . examined were generally similar, although the samples of Canadian and Japanese tobaccos contained more cadmium than the other samples. There is some slight evidence that tobacco from the lower leaves of the plant contain greater concentrations of metals than those from the upper part (Table 2 ) but this might be It is very likely, therefore, that the metal content of all tobaccos are similar irrespective of the tobacco sour<:e or the curing processes used after harvesting. The ranges of results are very probably reflecting the natural variability of samples rather than specific differences between the tobacco types. The levels reported in this work were generally similar to those of previou!; workers (5, 6). The levels of cadmium in particulate phase smoke from single grade tobaccos (Table 5) and European commercial cigarettes (Table 6 ) were generally less than 0.2 11g per cigarette and these values support results reported by Szadowski (5) and Menden (6) . The transfer of cadmium from . the burnt tobacco portion, both puffed and smouldered, of a plain cigarette to particulate phase of smoke was found to be :12-25 °/o, whereas that for filter cigarettes was lower, which naturally reflects the retention of particulate phase by the filter. The level of nickel found in the particulate phase of smoke (Table 5 ) was found to be low and often no~ detectable and the percentage transferred to smoke was always less than 5 Ofo.
Generally less than :to Ofo of lead was found to. be transferred from the tobacco to the particulate phase of smoke, the deliveries being less than :1 11g per cigarette (Table 5 ). The examination of two vapour phase samples revealed that some :15-20°/o of cadmium in smoke was present in the vapour phase, whereas about 36°/o of the lead was found in the vapour phase (Table 7) . The level of nickel in the vapour phase portion of smoke was found to be very low (Table 8) .
The values obtained for nickel content of particulate and vapour phases of smoke indicate that nickel is not easily transferred to smoke from tobacco. This is reflected in the non-detection of this metal in a number of smoke samples. The examination of cadmium in particulate phase of smoke and the smoke retained by filter tips for UK commercial cigarettes shows that over 50°/o of the cadmium in smoke is retained by filters examined by us. We observed that the retention of cadmium by these filters is generally greater than that of niCotine.
CONCLUSIONS
The levels of cadmium, nickel and lead in tobaccos appear to be independent of country of origin or curing process. The levels of these metals in smoke are very low, especially nickel, and are similar for a variety of tobacco types and commercial brands. Commercial filters, as expected, effect a reduction in the levels of cadmium in cigarette smoke.
SUMMARY
The cadmium, nickel and lead contents of a variety of tobacco types and their respective cigarette smokes have been measured by atomic absorption analysis. Their levels in tobacco were found to be in the ranges 0.5 to 3.5, 4 to 9·5 and 8 to 23 J.Lg/g respectively. The transfer of cadmium from tobacco to mainstream particulate phase was less than 25°/o, whereas for nickel it was less than 5 °/o and for lead less than 10 °/o. Commercial filters were found to retain more than 50°/o of cadmium presented to them. The levels of the metals in the vapour phase portion of smoke were found to be lower than those in the particulate phase, values for lead being higher than those of cadmium or nickel. A small number of samples have been examined with respect to country of origin, curing processes and plant position which show some differences in metal content. These differences, in our opinion, are indicative of the likely spread of values rather than reflecting real differences due to the source of the tobacco or its treatment after harvesting. 
